SUMMARY-When effector lymphocytes were reacted with cultured human tumors, the total cytotoxic reaction could be divided into selective and nonselective components. The nonselective part of the reaction was due to a cell type called N cells. Fractionation of effector suspension indicated that N cells were neither T nor B cells. like B cells, N cells did not form rosettes with sheep erythrocytes; they were retained by columns coated with Ig or antiserum to Ig and died preferentially when stored at an ambient temperature. However, N cells were differentiated from B cells by their inability to form complement-receptor rosettes and by their survival when incubated at 30° C. The effect of the nonselective cytotoxic cell must be differentiated from selective activity in studies of specificity for cell-mediated cytotoxicity.-J Natl Cancer Inst 56: 575-582, 1976. 
The controversy concerning the specificity of cellmediated cytotoxic reactions for cultured human tumor target cells with the use of effector lymphocytes from patients with various types of cancers arises from an inadequate definition or concept of specificity. In this study, we used the terms "selective" and "nonselective" reactions as suggested by Dr. Eva Klein (Karolinska Institutet, Stockholm, Sweden), though our definitions are slightly different from hers and have no relation to histologic types of cancer (1) . Nonselective cytotoxicity is the target cell reduction accounted for by the sensitivity of the target cell and a general reactivity of the effector cell against all targets. Selective cytotoxicity, however, denotes a special relationship / between the effector and target cells, with results that differ significantly from nonselective reactions. The total reaction observed in the microassay for cell-mediated immunity can then be differentiated into nonselective and selective cytotoxic components.
When the number of persons tested and the number of targets used were expanded, reactivity patterns conflicted with previous reports of specificity (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . Effector cells prepared from either patients or healthy persons reacted against most sensitive target cells, regardless of their origin (19) (20) (21) . The factors that contribute to, or have the most influence on, these patterns are nonselective; that is, the cytotoxic effect depends on the sensitivity or vulnerability of each target and a reactivity of each effector suspension expressed against all target cells. U sually, the order of observed reactivity is .maintained on different targets, though the degree of reactivity may vary for each target.
Granulocyte contamination of effector samples may cause nonselective reduction of adherent target cells (20) . However, when granulocytic effects are excluded by removal of the cells to insignificant levels or by the addition of heparin to the test to nullify their effect, a strong nonselective cytotoxicity may still be present. Studies in which enrichment or depletion of lymphocyte subpopulations were used indicated that this reactivity is not due to T or B cells. A nonselective cytotoxic cell (N cell) present in the circulation accounts for most of the indiscriminate effects. This study shows, by four methods, the relationship of nonselective cytotoxicity to the subpopulations of effector cells enriched or depleted for different lymphocyte classes.
MATERIALS AND METHODS
Isolation of effector cells.-To obtain sufficient lymphocytes for a variety of tests, we isolated effector cells from heparinized peripheral blood of normal healthy donors using a modified method of Boyum (22) . Effector cells from patients with yarious cancers and separated by the same methods behaved similarly. Blood samples collected in 15-ml vacutainer tubes were centrifuged at 700Xg (International Equipment Company, Needham Heights, Mass.) for 10 minutes. The buffy coat was carefully aspirated, placed in two Fisher tubes, and recentrifuged for 2 minutes at 2,500 X g. Approximately 0.1 ml of buffy coat was collected and added to a Fisher tube containing 0.4 ml agglutinin (anti-A, B, or H). The mixture was placed on a rotator for 5 minutes and then centrifuged slowly at 800Xg for 4-6 seconds. The supernatant was placed on 0.4 ml Ficoll-Hypaque and centrifuged for 2 minutes at 1200xg. The interface cells were washed three times, with a gentle resuspension on the final wash to avoid breaking clumps. The supernatant was retained as the lymphocyte preparation after removal of the clumps by slow centrifugation.
Blood samples were also treated with carbonyl iron to remove monocytes before Ficoll-Hypaque centrifugation. A suspension of 300 mg carbonyl iron in 0.3 ml Hanks' balanced salt solution (HBSS) was added to each tube of blood. The tubes were incubated for 30 minutes on a rotator at 37° C and then treated as described above. Our method of treatment with carbonyl iron reduced monocytes to about 2-3% by peroxidase staining and latex ingestion (1) .
Lymphocyte subpopulations.-T cells were identified through formation of spontaneous rosettes with sheep erythrocytes (E) and B cells by receptors for complement (C) and membrane Ig's. Our methods, slightly modified techniques reported by others (22) (23) (24) (25) but with smaller vol urnes, are briefly descri bed.
Formation of spontaneous rosettes: Purified lymphocytes at a concentration of 0.5 X 10 6 cells in 0.1 ml HBSS were mixed with 0.1 ml washed E in HBSS and 0.025 ml fetal bovine serum (FBS) previously absorbed with E. The mixture was centrifuged at 400 X g for 5 minutes and incubated at room temperature for 90 minutes. After incubation, the pellet was gently resuspended and the rosettes formed by 200 lymphocytes were counted with the use of phase-contrast microscopy. Rosettes were determined at greater than three adherent E, excluding dead lymphocytes, which appeared dark.
Formation of rosettes by complement receptors: Rosettes were also formed with antibody and complementcoated E (EAC). E were sensitized with the IgM fraction of antibody against E (A) (Cordis, Miami, Fla.) diluted one step beyond its hemagglutinin titer. A 5% E suspension in HBSS was incubated with an equal volume of diluted hemolysin for 30 minutes at 37° C, and then washed and readjusted to 5'% in HBSS. Again, equal volumes of the sensitized E (EA) were mixed with 1: 10 mouse C and incubated for 30 minutes to form EAC. After three more washings, the concentration was adjusted to 0.5'%.
EAC rosettes were formed by mixing 0.5 X 10 5 lymphocytes in 0.1 ml HBSS with 0.1 ,ml EAC and by rotating them on a wheel at 6 rpm for 60 minutes at 37° C. The percentage of EAC rosettes was determined by counting the number of lymphocytes with at least three adherent E among 200 lymphocytes. Dead cells and granulocytes were excluded. Controls with sensitized and unsensitized E performed in parallel showed 0 and 0-2% rosettes, respectively. Membrane Ig's: Lymphocytes with membrane Ig's were identified with polyvalent fluorescein-conjugated goat antiserum against human Ig (Meloy Laboratories, Springfield, Va.). Purified lymphocytes were washed twice in phosphate-buffered saline (PBS), and 0.5 X 10 6 cells were incubated in 0.015 ml fluorescein-conjugated antiserum at 0° C for 3 minutes. The cell suspension was washed at least three times in cold PBS containing 0.02% sodium azide before cells were counted for membrane fluorescence by UV microscopy (Leitz Orthoplan, Wetzler, Federal Republic of Germany).
Enrichment and depletion of lymphocyte subpopulations.-Separation of E and EAC rosette-forming cells on Ficoll-Hypaque: Rosettes were formed with neuraminidase-treated E and EAC by methods just described; 0.5 ml of 5% SRBC was incubated with 25 V Vibrio cholerae neuraminidase (Calbiochem, San Diego, Calif.) for 30 minutes at 37° C (26) . Rosetted mixtures were layered over Ficoll-Hypaque and centrifuged on a table centrifuge at 2,100 rpm for 7 minutes. Both the interface and the pellet cells were recovered, tested, and compared with the original preparation.
Separation by Ig-coated columns: Lymphocytes were fractionated by adherence to Degalan columns (Degussa Wolfgang AG, Hanau am Maim, Federal Republic of Germany) coated with human Ig or rabbit antiserum against human Ig (27) . Degalan beads (3 g, dry) were washed three times in PBS and incubated with 0.3 ml rabbit antiserum against human Ig at 1 ,mg/ml (Calbiochern, San Diego, Calif.) or 1 ml human Ig at 10 mg/ml (Miles Research Laboratory, Kankakee, Ill.) for 1 hour at 37° C and then overnight. at 4° C. On the following day, the beads were washed with PBS, packed into three small columns (0.5 X 10 cm), and rinsed with minimum essential ,medium (MEM) containing 20% FBS. Approximately 10-15 X 10 6 lymphocytes in MEM were added to the column, and the whole column was incubated for 30 minutes at 37° C. Free lymphocytes were gently eluted from the column by addition of warm MEM and then washed twice with M EM.
Lymphocyte storage and incubation.-Purified lymphocyte samples were stored at concentrations of 2x 1()6 cells/ ml in 5-,ml plastic tubes (Falcon Plastics, Oxnard, Calif.) and maintained at an ambient temperature. The storage solution was McCoy's medium with HEPES5 buffer, 0.5'% FBS, and antibiotics (28) . Although viability varied after 2 weeks' storage, most suspensions contained more than 70% live cells. Lymphocytes were also incubated at 37° C in a Co. 2 moisturized incubator for I week. The medium was MEM with 20% FBS and antibiotics. More than 70% of the cells were also alive after a I-week incubation.
Target cells.-The following cell lines were cultured in MEM with 10-20% FBS and antibiotics. M icroassay for cell-mediated immunity.-The microassay with its recent modifications and the method of calculation for a mean reduction per titer (MRT) score was described (19 J 21) . Heparin at a final concentration of 10 V Iml was added to exclude the effect of granulocytes.
Testing of the original Ficoll-Hypaque preparation of lymphocytes and its fractions after the formation of E rosettes and recentrifugation on Ficoll-Hypaque caused an ascending titration curve (table I) . For comparative purposes, a single MR T was used sin<;e it reflected the cytotoxic effect and was sufficiently sensitive to detect the enhanced or diminished cytotoxicity by an effector fraction.
Lymphocyte preparations separated from heparinized peripheral blood by Ficoll-Hypaque flotation were reported to possess a high percentage of monocytes (29) , which could be removed by phagocytosis of carbonyl iron or by various columns. For this study, lymphocytes prepared directly on Ficoll-Hypaque or treated with carbonyl iron before Ficoll-Hypaque centrifugation were tested. There was Ii ttle difference in the resulting test patterns. Before fractionation, the original lymphocyte samples had 63-87'% cells forming E rosettes and 6-22% cells with membrane Ig. The fractionation by FicollHypaque flotation after E-rosette formation enriched the percentage of fluorescent cells to 21-52% and depleted the rosette-forming cells to 1l-:-60% in the fraction from the interface. In the pellet, rosette-forming cells were increased to 82-97'%. After lysis of E and reformation of E rosettes, the percentage of rosette-forming cells was slightly less, and only 3-6'% of these cells possessed membrane Ig.
When the cells were tested from the pellet and interface for cytotoxicity on several targets, most of the reactivity was observed with cells from the interface (table 2) . • 0 =original preparation; 1 =uncoated Degalan column; 2 = human Ig-coated; and 3 =rabbit antiserum to human Ig column.
• Percent with Ig fraction.
• Percent with EAC fraction.
Enrichment of the nonselective cytotoxic cells was observed with this fraction as greater target cell reduction, when compared with the original suspension. Usually, very little cytotoxic activity remained with pellet cells. Since the fractionation procedure only enriched or depleted lymphocyte subpopulations, it was difficult to determine whether the residual activity in the pellet cells was due to contaminating N cells usually associated with the interface layer or to actual cytotoxicity from T cells. However, in this and other series, strong original activity usually preceded stronger residual cytotoxicity against more sensitive target lines (see effector #93973), indicating incompleteness of the fractionation process. Weaker reactivity of the pellet fraction may also be explained by the interference from leftover E or by damage to the cells during lytic removal of the E. However, frac- tions enriched in T cells by other methods confirmed the inactivity by these cells. Lymphocyte samples were also fractionated by passage through various Degalan columns (table 3) . Even elution from uncoated columns influenced the proportions of lymphocyte classes within the suspension and affected the cytotoxicity (30~ 31). Spontaneous rosettes were slightly increased, whereas the proportion of cells with membrane Ig or EAC receptors was decreased. A slight decrease in the cytotoxicity was also observed. The small decline in cytotoxicity may be related to removal of monocytes, the loss of B cells, or the retention of N cells in the column.
Treatment of the Degalan column with human Ig or rabbit antiserum to human Ig further increased the proportion of cells forming E rosettes in the effluent suspension. The activity of human Ig without specificity toward the cells in retaining non-T cells indicated that the Fc of both antibodies might have been important in this separation. Accompanying the loss of B cells in the column was a decreased level of cytotoxic activity by the effluent cells, indicating the retention of N cells by the column. At the concentration of proteins selected for coating the Degalan beads, the rabbit antiserum to human Ig appeared more effective in changing the cell proportion and in removing cells cytotoxic toward target cells. However, greater residual reactivity was observed with effluent cells from coated columns than with cells from the pellet of Ficoll-Hypaque separation, despite a slightly lower proportion of cells with B markers. Although the N-cell activity of this study appeared related to B cells, cleaner and more efficient .methods of separation were needed to resolve this problem.
Lymphocyte suspensions could be stored up to 2 weeks at ambient temperatures, with over 70% cell survival (28) . After a week, these cells lost the ability to stimulate, but they could respond in the mixed leukocyte reaction (32) . Moreover, B cells were strong stimulators, whereas T cells responded in this reaction, indicating a dysfunction for B cells among stored lymphocytes. Table 4 shows that lymphocytes stored at room temperature also lost most of their cytotoxic reactivity within the first week. Closer examination of the surviving cells revealed a decreasing proportion of viable B cells and an increasing percentage of T cells during this period (text- fig. 1 ). A differential rate of death for B cells might explain the minimum death of 30% and account for the declining cytotoxicity and the inability to stimulate in the mixed leukocyte reaction of lymphocytes stored at an ambient temperature.
The three methods described for E-rosette formation, columns, and room temperature storage all pointed to an association of the nonselective cytotoxic cell with B cells. However, evidence from tests with cells stored or incubated at 37° C for I week suggested that either the B cells were not responsible or only a small fraction of B cells was responsible for the nonselective cytotoxicity (table 5 ). The percentage of B cells in a suspension of effector cells decreased during incubation in MEM with 20% FBS at 37° C for 1 week. Whereas the nonselective cytotoxicity declined daily when the cells were stored at room temperature, it remained relatively strong at 37° C. One may explain the variations from a slight increase to some loss of cytotoxicity by incubated cells by differences in cultures for 7 days and by readjustment of effector cells, counting only viable cells. The nonselective cytotoxic cell could be differentiated from most B cells by its survival at 37° C for I week, whereas most B cells died preferentially, regardless of the temperature.
Finally, results with lymphocytes separated by centrifugation on Ficoll-Hypaque after EAC rosette formation also indicated that N cells were not B cells. This procedure enriched the T cells as detected by E rosettes and depleted the B cells tested by EAC rosettes and Ig receptors in the interface. A wide range in the percentage of cells with T-and B-cell markers was observed with pellet cells, but generally an opposite effect occurred in the pellet (table 6) . Again, most of the nonselective effects were observed with cells from the interface. Enrichment of N cells was not as successful by this procedure, because interface cells approached but never exceeded the cytotoxicity of the original preparation. Thus the activity of N cells did not correlate with cells forming E or EAC rosettes and wi th cells possessing membrane Ig.
DISCUSSION
Since effector samples depleted of B cells by three methods showed a decline in the nonselective cytotoxicity, the B cell seemed responsible for this effect. The activity was not associated with E rosette-forming cells; it was retained with the cells on Ig-or antiserum against Ig-coated columns, and cytotoxicity was lost when the cells were stored at room temperature. However, indications that it was not a B cell were noted after cells were incubated at 37° C, when most B cells perished.
Cytotoxic actIvIty was retained. This conclusion was strengthened when the cytotoxic effect was dissociated from EAC rosette-forming cells. Thus N cells appear to be neither T nor B cells forming neither E nor EAC rosettes. They can be considered "null" cells except for their possession of Fc receptors.
Part of the controversy concerning specificity of cellmediated cytotoxicity is the paucity of agreement in the literature on the identity of the cytotoxic effector cell in human testing. O'Toole and co-workers (33) removed cytotoxic activity by passage of lymphocytes through a column of glass beads coated with human Ig and anti .. serum against Ig. Their conclusion that specific cytotoxicity could be identified with the non-T fraction was later confirmed through separation of T and non-T cells by centrifugation on Ficoll-Isopaque after E-rosette formation (34) . In contrast to these results, Wybran et al. (35) separated cells on Ficoll-Hypaque after formation of E rosettes and concluded that the reactivity against melanoma rested more with the rosette-forming cell (RFC) in the pellet than with the RFC-poor fraction from the interface. To compound the confusion, De Vries and co-workers (36) tested healthy persons and melanoma patients with effector cells separated into T and non-T cells by Ficoll-Hypaque centrifugation after the formation of both E and EAC rosettes. Cytotoxicity was most frequent with non-T cells from healthy persons and melanoma patients against melanoma lines and primary cultures (36). Recently, Pross and Jondal (37, 38) described a similar and probably same phenomenon, which they called spontaneous lymphocyte-mediated cytotoxicity (SLMC). SLMC activity was also observed in the non-T subpopulation after E and EAC rosette formation.
Although these conflicting conclusions could be explained by different reagents and techniques, there are some similarities in the actual results reported by other investigators. The specificity claimed in these studies is based only on stronger reactivity by a patient over controls and may reflect just a stronger nonselective cytotoxici ty of one person over another.
If specificity is discounted, a different explanation may clarify the results obtained in cell-mediated cytotoxicity. N cells, circulating in all individuals, nonselectively destroy all sensitive target cells and cause most of the reaction. The nonselective reactivity varies considerably among different individuals, so that results from one person cannot serve as a control for others. Whether the difference in the degree of cytotoxicity is due to greater numbers of N cells or to greater reactivity by each cell is still not clear. The final reaction also depends on the sensitivity of the target cell, with established lines usually showing greater sensitivity than primary cultures. The nonselective cytotoxic activity may have little to do with antigen expression or specificity, because all sensitive cells including autologous cultures are killed indiscriminately with no regard for their origin. Thus even in autologous systems, interpretations of tumor specificity must consider the nonselective effect by N cells. Specificity, if it is to be claimed, must be distinguished from these effects.
This explanation, based on our results, partly agrees with the results of others. It concurs with the observations of De Vries et al. (36) and Pross and Jondal (37,38) that nonselective cytotoxicity occurs with cells from the non-T fraction. It partially agrees with O'Toole's conclusion (34) of non-T cytotoxicity if specificity is not considered, but it disagrees with her results that report no difference in cytotoxicity by fractionated and unfractionated lymphocyte suspensions from healthy controls. The four studies agree basically that a major contributor to target cell cytotoxicity is associated with non-T cells.
Our observation of N-cell activity in the non-EACforming subpopulation and the removal of nonselective cytotoxicity with EAC rosette-forming cells by two laboratories (36-38) deserves comment. We did not centrifuge or pellet our lymphocyte suspension with EAC, but incu· bated the mixture while it rotated on a wheel for I hour. This apparently insignificant difference might account for the conflicting results, inasmuch as centrifugation may force EA rosette formation, since N cells possess F c receptors. Differentiation between Nand B cells with the use of other methods such as storage and surface Ig su pports this view, but further studies on the problem are in progress.
In conclusion, we find that the N cell responsible for nonselective cytotoxicity in our tests does not appear to possess T-or B-cell markers. These might be considered "null" cells, though monocytes have not been completely excluded. The similarities in the characteristics of the N cell and the active cell in antibody-dependent cellmediated cytotoxicity (39) suggest that the same cell is involved with similar mechanisms. Whether antibodies are involved in nonselective cell-mediated cytotoxicity remains to be determined, though the lack of specificity suggests other pathways for triggering the N cell. The nonselective cytotoxic cell is always available in the circulation for immediate activity and, though its reason for being is still not clear, functions in autoimmunity and survei!lance are possible. With antibodies or by itself, the nonselective cytotoxic cell is not subject to the same criticisms as are T cells for a role in immune surveillance (40) . However, further studies of nonselective reactivity in animal and human systems are required for a better understanding of the reaction and its relationship to in vivo function.
